Indonesian Journal of Electrical Engineering and Computer Science 
Vol. 14, No. 2, May 2019, pp. 796~801 
ISSN: 2502-4752, DOI: 10.1159 1/ijeecs.v14.12.pp796-801 Oj 796 


Design and analysis of dedicated Real-time clock for customized 
microcontroller unit 


M.N.A.M. Alias, S.N. Mohyar, M.N. Isa, A. Harun, A.B. Jambek, S.A.Z. Murad 


School of Microelectronic Engineering, Universiti Malaysia Perlis, Malaysia 


Article Info 
Article history: 


Received Sep 26, 2018 
Revised Nov 27, 2018 
Accepted Dec 10, 2018 


ABSTRACT 


In this paper, a Real Time Clock (RTC) system for a dedicated 
microcontroller is proposed to provide the customized microcontroller its 
own time and date system. The RTC is developed using Verilog Hardware 
Description Language (HDL) and simulated using Synopsys software. 
This RTC is developed with standard Advance Peripheral Bus (APB) to be 


interfacing with the microcontroller through Advanced Microcontroller Bus 

Architecture (AMBA). This RTC will be used as an on-chip RTC in the 
Keywords: microcontroller system to provide precise time and date which can be used 
for various applications. The basic architecture of RTC, APB standard for 
interfacing the RTC with AMBA bus, and the result in term of RTL, 
waveform, and layout will be discussed in this documentation. For this 
research, the part covered is on the logic part of the RTC that is bus interface, 
register, frequency divider and counter. 
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1, INTRODUCTION 

A real-time clock is an integrated circuit that contains a timer generated by a crystal oscillator that 
supplies the time of day and often, with the date. RTC has a small memory on-chip that stores time and date 
description values. The time and date values are the years, month, date, hours, minutes, and seconds [1]. 
In this modern era, an electronic device becomes smaller. The smaller size becomes a concern of electronic 
technology. By using conventional RTC to provide time and date system to a microcontroller will make the 
device bigger. So, a dedicated RTC for the customized microcontroller is proposed to provide its own time 
and date system as a system-on-chip feature on the microcontroller [2], [3]. In this project, a dedicated Real 
Time Clock (RTC) for Customized Microcontroller unit is developed as an Intellectual Property (IP) and will 
be covered only the logic part of RTC. The development of the dedicated RTC 1s to provide the customized 
microcontroller with its own time and date system for various time-based application to be managed 
precisely without an external RTC to be used with the microcontroller. This documentation continues the 
proposed architecture of the RTC on the previous work [4] into the ASIC flow for layout generation and 
some analysis on the layout stage to optimize the layout in term of size and power consumption [5]. 


2. LITERATURE REVIEW 
2.1. Basic Architecture of RTC 

From the literature review, there are many designs of RTC nowadays. Every RTC has their own 
features according to their specification to be used on any application. Even they have different features, 
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they still have a similar part to make the RTC function correctly such as power management, an oscillation 
circuit, a communication interface, and memory for time value storage. 

The color box in Figure | shows the conventional RTC basic architecture. The red box shows the 
oscillation circuit and prescaler or frequency divider of that RTC. The blue box is the power supply or power 
management for the RTC. The yellow box will be their register which will store the time and date value 
generated by the counter. Lastly, green box shows their bus interface for the RTC which will be used to 
interface the RTC with an external application. All four of this basic architecture is essential for RTC to 
work correctly. 


OsCI 


OSCcoO 


Foo | _CLKOUT_CONTROL 


SDA 
SCL 





Figure 1. RTC block diagram from NXP semiconductor (PCF8563) [6] 


2.2. Oscillation Circuit 

An oscillation circuit is an electronic circuit that produces a periodic, oscillating electronic signal, 
often a square wave. They are widely used in many electronic devices. Common examples of signals 
generated by oscillators is a clock signal that regulates computers and quartz clocks. Some of the factors that 
affect the frequency stability of an oscillator generally include the variations in temperature, variations in the 
load as well as changes to its DC power supply voltage and many other factors. The frequency stability of the 
output signal can be improved by the proper selection of the components used for the resonant feedback 
circuit including the amplifier. The frequency stability is needed in RTC because it plays an important role. 
The clock generated will base on the frequency and if the frequency is not stable, it will affect the counting 
thus affect the accuracy of the RTC. 

To obtain a very high level of oscillator stability, a Quartz Crystal is generally used as the frequency 
determining the device to produce another type of oscillator circuit known generally as a Quartz Crystal 
Oscillator (XO). There are many different types of crystal substances which can be used as oscillators with 
the most important of these for electronic circuits being the quartz minerals because of their greater 
mechanical strength. The physical size and thickness of a piece of quartz crystal are tightly controlled since it 
affects the final or fundamental frequency of oscillations. Then once cut and shaped, the crystal cannot be 
used at any other frequency. In other words, its size and shape determine its fundamental oscillation 
frequency [7]. 

Also, in the crystal oscillator, there are many types of the crystal oscillator with a different 
configuration for different specification such as Colpitts Crystal Oscillator, Pierce Oscillator, and CMOS 
Crystal Oscillator. As for their oscillation frequency, all RTC use the 32.768kHz crystal oscillator due to the 
stability of the crystal [8]-[10]. 


2.3. Bus Interface 

For conventional RTC, there are two types of interface technique used which is [?C (Inter-Integrated 
Circuit protocol) and SPI (Serial Peripheral Interface). These two interfaces have their own advantage 
depending on their application. Both protocols are well-suited for communications between integrated 
circuits, or with onboard peripherals [11]. 

I?C 1s developed by Philips (now known as NXP Semiconductor). It is a simple bidirectional 2-wire 
bus for efficient inter-IC control. With this bus interface, only two bus lines are required that is a serial data 
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line (SDA) & a serial clock line (SCL). Serial, 8-bit oriented, bidirectional data transfers can be made at up to 
100 kbit/s in the Standard-mode, up to 400 kbit/s in the Fast-mode, up to | Mbit/s in the Fast-mode Plus, 
or up to 3.4 Mbit/s in the High-speed mode. The Ultra-Fast-mode is a uni-directional mode with data 
transfers of up to 5 Mbit/s [12]. 

SPI is developed by Motorola. This interface provides full-duplex synchronous serial 
communication between master & slave devices. It is commonly used for communication with the flash 
memory, sensors, real-time clock (RTCs), analog to digital converter and many more [13] 


2.4. Advanced Peripheral Bus (APB) 

The propose RTC [4] is a dedicated RTC for a microcontroller and will be as an onboard RTC. 
The microcontroller will use an Advanced Microcontroller Bus Architecture (AMBA) bus protocol as their 
bus interface. The proposed RTC needs to follow the AMBA bus protocol to be interfaced with the 
microcontroller bus since this is the standard protocol for an onboard communication. To easily interface the 
IP with the microcontroller, the RTC interface needs to match with Advanced Peripheral Bus (APB) 
specification. APB is part of the AMBA hierarchy of buses. It is optimized to reduce the complexity of 
interfacing and for minimalize power consumption. The AMBA and APB should be used to interface to any 
peripherals which not require high performance of bus interface and low bandwidth [14]-[19] 

Since this IP will be integrated with the microcontroller that using AMBA Bus Architecture, 
the RTC design then need to follow the APB Specification as shown in Figure 2. 


PCLK_RTC 
PCLK_APB 


PCLK_SEL 
PENABLE 
APB slave interface PADDR[31:0] 


PWRITE 


IRQ_RTC 
PWDATA[31:0] 


PRDATA[31:0] 





Figure 2. APB specification interface 


2.5. Memory/Register 

A small memory on this microchip stores system description or setup values including current time 
values stored by the real-time clock. The time values are for the seconds, minutes, hours, date, month, and 
years. 


3. METHODOLOGY 

From the proposed architecture in the previous work[2], the work continues from FPGA 
prototyping into physical implementation (layout) through Application Specific Integrated Circuit (ASIC) 
design flow [20]. 


3.1. ASIC Design Flow 

Figure 3 shows the ASIC design flow which starts with a logic design until physical implementation 
(layout) for fabrication. This work will be using 0.18um Silltera Technology library and process through 
Synopsys software; VCS, Design Compiler, IC Compiler. 
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Figure 3. ASIC flow of RTC design 















4. RESULTS AND DISCUSSION 
4.1. Top Level RTL 
Figure 4 shown the Top-level RTL of the proposed RTC generated using VCS software which 

consists of five sub-module; a frequency divider, function controller, rtc, alarm and outdata module. 
The function of each module is as below: 
a. Frequency Divider — To generated +1kHz clock source for rte module from the 32.768kHz input clock. 
b. — Function Controller — To control the function bit on the design. 
c. | Rtc Module — Counter module which will count and store the time and date description value. 
d. Alarm Module — Module which will store the alarm set value and compare with the real-time value to 

give interrupt signal when match. 
e. Outdata Module — Store concatenation value of the time and date value in 32-bit bus. 





Figure 4. Top level RTL of the RTC 


4.2. Simulation Waveform 

Figure 5 shows the functional output waveform of the proposed Top level RTC IP generated using 
VCS and Design Compiler software. The whole waveform shows all the condition as stated below the 
waveform. Initialize condition is to initialize the IP by performing 2 cycles of a reset signal on the IP. 
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The first cycle is to reset the frequency divider module to initialize the value of register inside the module 
before it can start dividing the input clock source into desired clock source for the counter. For the second 
cycle of reset, it will reset all condition to its initial condition. The counting condition will start immediately 
after the reset is I(active low reset). The counter will start counting in the rtc module with a resolution of 
+] millisecond. The manual set and alarm set will be triggered by a certain condition stated in the previous 
work [4]. The alarm will be triggered when the real-time value is matched with the value of the alarm set. 
It will send an interrupt signal to indicate the set value is matched with the real-time value. The reset 
condition will be triggered by a low reset signal. This will reset all the value in the rtc and alarm module to 
its initial condition. 





Condition Initialize/reset Counting Manual Set Alarm Set Alarm Triggered Reset 


Figure 5. Simulation waveform of the RTC 


4.3. Generated Layout 

The layout is generated using 0.18um Silttera Technology on IC Compiler software (Synopsys). 
The optimization and analysis are done on generated the layout in term of power and size. Figure 6 shows the 
first layout generated by using width/height control type in the floorplan stage while Figure 7 is the optimize 
layout by using 0.9 core utilization on the floorplanning stage. By using the core utilization control type for 
the floorplan, the size is reduced by 70%. This is because this control type will utilize 90% of the core size 
for the standard cell while width/height control type will ignore the utilization of the core and will create the 
core size as the defined value. In term of power, the power consumption of the optimized layout is reduced 
by creating a smaller power/ground ring. The power consumption is also reduced by the smaller core itself 
since a smaller core will contribute to a shorter routing. The power consumption difference between first and 
optimize layout is reduced by 9%. Table | shows the comparison of the first layout and optimizes layout 
generated in term of size and power consumption 





Figure 6. First layout of the proposed RTC Figure 7. Optimized layout of the proposed RTC 


Table 1. Comparison of a First and Optimized Layout of Proposed RTC 


Layout Specification First layout Optimized layout 
Size (width x height) 500um x 500um 150um x 150um 
Dynamic power (uW) 137.35 125.02 
Leakage power (nW) 512.26 518.44 
Total power consumption(mW) 0.1379 0.1255 
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5. CONCLUSION 

In a conclusion, the proposed design of the RTC in the previous work has been put through the 
ASIC design flow to generate the layout. The generated layout then is optimized in term of size and power 
consumption. This work will be continued to the sign off stage before being sent out for fabrication. This IP 
will be integrated into the microcontroller alongside with the other IP to be fabricated. The main contribution 
of this RTC development is to provide the customized microcontroller with its own time and date system to 
manage various time-based application without external RTC being used with the microcontroller. 
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